The purpose of this study was to describe the incidence and spectrum of perioperative cardiac and noncardiac morbidity and mortality after transmyocardial laser revascularization (TMR) and to identify predictors of these adverse clinical events.
Transmyocardial laser revascularization (TMR) is an emerging technique for the treatment of end-stage coronary artery disease (CAD) not amenable to either percutaneous angioplasty or bypass surgery. Beginning with the initial published results of Frazier et al. (1) , multiple studies (2) (3) (4) (5) have demonstrated improvements in anginal class after the procedure. Improved perfusion by positron emission tomography (1,2) and single-photon emission computed tomography (3, 4) , as well as a reduction in ischemic wall motion abnormalities by dobutamine stress echocardiography (6) have been reported as well. However, unlike traditional surgical revascularization, in the majority of patients these clinical improvements have not been observed until at least 3 months postoperatively (1, 3, 4) , making these patients susceptible to perioperative ischemic complications. Despite this, no study to date has specifically addressed the incidence of perioperative mortality as well as cardiac and noncardiac morbidity in this high risk patient population. The purpose of the present study was twofold: to characterize the incidence and spectrum of perioperative cardiac and noncardiac morbidity and mortality after TMR and to identify the predictors of these clinical events.
METHODS
Transmyocardial laser revascularization. Between October 1995 and August 1997, 34 patients at Duke University Medical Center underwent isolated TMR for the treatment of severe, diffuse CAD not amenable to either coronary artery bypass grafting (CABG) or angioplasty. Transmyocardial laser revascularization was performed through a left anterolateral thoracotomy without cardiopulmonary bypass using an 800-W CO 2 laser (The Heart Laser, PLC Medical Systems, Inc., Milford, Massachusetts). Transmural penetration of laser pulses was confirmed by intraoperative transesophageal echocardiography (TEE). The mean number of transmural laser channels confirmed by TEE was 22 Ϯ 10 per patient, with a range of 10 to 45. Transmyocardial laser revascularization was performed in myocardial regions determined to be ischemic by preoperative thallium scintigraphy. Preoperative ejection fraction was determined in all patients by resting multiple gated acquisition radionuclide ventriculography (MUGA). All patients had cardiac catheterization preoperatively within six months of surgery to assess their native coronary anatomy and bypass graft disease status and to exclude them as candidates for conventional revascularization.
Postoperative medical management consisted of an aspirin (325 mg) the evening of surgery, intravenous nitroglycerin and beta-blockade, as well as immediate resumption of all preoperative cardiac medications. In addition, after the initial 11 patients, all patients received a prophylactic furosemide infusion (5 mg/h intravenous titrated to clinical response, hemodynamics and fluid balance). Patients otherwise received routine postoperative care. Inotropic and intraaortic balloon pump (IABP) support were initiated when necessary for hemodynamic compromise.
Clinical outcomes. The medical records of all 34 patients were reviewed for all fatal and nonfatal adverse perioperative events. All patients were followed by a single cardiologist (C.L.D.) during their entire hospitalization to ensure consistent reporting of clinical events. Perioperative morbidity and mortality were defined as any fatal and nonfatal adverse events occurring during or after operation within 30 days if the patient was discharged or within any interval if the patient was not discharged (7) . Specific cardiac events included: angina pectoris, acute myocardial infarction, congestive heart failure, pleural effusion requiring drainage, cardiac arrhythmia requiring treatment and hemodynamic instability or severe ischemia requiring IABP therapy. Noncardiac morbidity included: renal failure (defined as a twofold rise in creatinine over baseline), cerebral vascular accident, pneumonia, sepsis (defined by positive blood cultures) and anemia requiring blood transfusion.
Statistical analysis.
Data were entered into a Dell Latitude LM personal computer (Dell Computer Corporation, Austin, Texas) and analyzed using STATISTICA for windows version 5.1 (StatSoft, Inc., Tulsa, Oklahoma). All data are presented as the mean Ϯ SD. One-way analysis of variance (ANOVA) was used to analyze variables associated with fatal as well as nonfatal cardiac and noncardiac events (8) . When overall significance was found within the ANOVA, Tukey's honest significant difference test was used to delineate which comparisons were significantly different (8) . Statistical significance was considered a p value of Ͻ0.05.
The study was approved by the institutional review board of Duke University Medical Center. All subjects gave informed consent before enrollment. All procedures followed were in accordance with institutional guidelines. Table 1 . The study population consisted of 34 patients (13 female) with a mean age of 59.6 Ϯ 9.4 years (range 43 to 75). Thirty-two of the 34 patients had class III or IV angina pectoris; two patients had unstable angina preoperatively requiring intravenous nitrate and heparin therapy. Mean preoperative left ventricular ejection fraction by resting MUGA was 51 Ϯ 9% (range 35 to 71). The range of cardiac medications taken preoperatively is presented in Table 2 . Perioperative cardiac morbidity. Perioperative cardiac morbidity is outlined in Table 3 . Overall, perioperative cardiac events including angina pectoris, acute MI, congestive heart failure, pleural effusion requiring drainage, cardiac arrhythmia requiring treatment or need for IABP occurred in 16 of the 34 patients (47.1%). Although all patients were treated with intravenous nitroglycerin for at least the first 24 h postoperatively, 12 of 34 patients (35%) complained of angina pectoris, and three of 34 (9%) sustained acute myocardial infarction defined by new regional wall motion abnormalities by two-dimensional echocardiography in conjunction with ST changes consistent with myocardial injury. Of the six patients with postoperative arrhythmia, there were two episodes of atrial fibrillation, one episode of junctional rhythm, two episodes of ventricular tachycardia successfully treated with DC cardioversion and one terminal episode of ventricular fibrillation. Of the two episodes of ventricular tachycardia, one occurred intraoperatively and was secondary to inadequate grounding of the electrocautery device, and the second occurred on postoperative day 7 in a patient suspected to have acute MI. Nearly one third of patients had perioperative congestive heart failure (defined by pulmonary congestion on chest X ray in the presence of arterial hypoxemia) requiring an intensification of their medical management. Both patients requiring postoperative IABP sustained perioperative MI.
RESULTS

Demographics. Patient demographics are presented in
Perioperative noncardiac morbidity. Perioperative noncardiac morbidity is outlined in Table 4 . Noncardiac complications were seen in 12 patients (35.3%). Four patients had a twofold or greater rise in their creatinine postoperatively, although no patient required dialysis. One patient suffered a mild postoperative ischemic stroke with associated facial droop and unilateral extremity weakness, which was attributed to an embolic event in the setting of new onset atrial fibrillation. The patient's neurologic symptoms were almost completely resolved at the time of her discharge on postoperative day 14. Four patients developed postoperative pneumonia requiring antibiotic therapy. Two patients had sepsis with positive blood cultures postoperatively. The first patient had methicillin-resistant staphylococcal sepsis complicating postoperative pneumonia; the second patient had enterococcal sepsis also from a pulmonary source.
Risk factor analysis. One-way ANOVA and Tukey's honest significant difference test (8) were used to analyze risk factors for death and cardiac and noncardiac morbidity. Of the variables analyzed (Table 5) , only preoperative unstable angina was predictive of perioperative death (Fig. 1 ). Early experience with TMR (defined as the initial 15 patients undergoing the procedure) ( Fig. 2) and lack of immediate postoperative therapy with a furosemide infusion (Fig. 3 ) predicted perioperative cardiac and noncardiac morbidity (Table 6 ). Preoperative unstable angina was also a risk factor for adverse noncardiac events (Table 6 ).
DISCUSSION
Transmyocardial laser revascularization is an emerging technique for the treatment of end-stage coronary artery disease. When the technique was first described for use in humans (9), the mechanism of action was hypothesized to be direct myocardial perfusion with left ventricular blood via the laser channels. However, histologic studies in both humans (10 -12) and animal models (13) CHF ϭ congestive heart failure; IABP ϭ intraaortic balloon pump; MI ϭ myocardial infarction. which provides an immediate increase in myocardial perfusion, patients undergoing TMR do not benefit immediately, yet are subjected to all of the associated perioperative stress. This situation places these patients at high risk for perioperative morbidity and mortality. Despite this, no study to date has specifically addressed the incidence, spectrum and risk factors for perioperative mortality as well as cardiac and noncardiac morbidity after isolated TMR.
Perioperative mortality. This study demonstrates that perioperative mortality after transmyocardial laser revascularization is low. The perioperative mortality rate of 5.9% seen in this study compares favorably with those of other TMR patient series, which have reported mortality rates ranging from 0% (5) to 20% (3), with the largest published *p ϭ 0.005. ACE ϭ angiotensin-converting enzyme; CABG ϭ coronary artery bypass grafting; EF ϭ ejection fraction; MI ϭ myocardial infarction; op ϭ operative. Figure 1 . Graph of perioperative mortality rates in patients with and without unstable angina preoperatively. The rate in patients with unstable angina was 50% versus 3% in those without unstable angina. Using one-way analysis of variance, unstable angina was the only variable of those studied that was associated with an increased risk of perioperative mortality (p ϭ 0.005). Solid bar ϭ unstable angina; open bar ϭ stable angina. series to date quoting a perioperative mortality of 9% (4) . Both deaths in the present study were secondary to cardiogenic shock after perioperative MI, consistent with prior studies (2-4), which have found the majority of perioperative deaths to be cardiac in nature.
The only variable predictive of perioperative death in this study was the presence of unstable angina preoperatively. This finding is similar to that of Lowe et al. (19) , who reported a total 6-month mortality of 6.5% in patients with end-stage coronary disease initially randomized to TMR versus a total mortality of 34.6% in patients with unstable angina crossing over to TMR from medical management. The authors of that multicenter prospective randomized trial of TMR versus medical management recommended TMR be offered to medically refractory patients with class III or IV angina but not unstable angina. Unstable angina represents an ischemic syndrome characterized by acute plaque rupture and thrombus formation with a high risk of subsequent myocardial infarction. Consequently, unstable angina is considered a contraindication to TMR because of the increased risk of MI and death.
Mortality for patients with a preoperative resting ejection fraction less than 40% was not increased in this study. Likewise, the mortality rate for patients receiving diuretics or angiotensin-converting enzyme inhibitors preoperatively was not significantly elevated either. This finding contrasts with those of Frazier et al. (1) , who found an increased risk of adverse events in patients being treated for congestive heart failure preoperatively. However, only four of the 34 patients in our series had an ejection fraction less than 40%, and although there were no deaths in this group, the number of patients is too small to draw any meaningful conclusions. More recent studies of TMR have excluded patients with an ejection fraction less than 30% (5).
Perioperative morbidity. This study is the first to fully characterize the incidence and spectrum of perioperative morbidity and mortality after TMR. The incidence of cardiac (47.1%) and noncardiac (35.3%) morbidity observed in this study is consistent with other series in the literature (1) (2) (3) (4) 20) , which have reported adverse perioperative events in approximately one third of patients. Our incidence of cardiac morbidity is slightly higher than other series, likely because we included symptomatic ischemia, including angina pectoris, as an adverse cardiac event. The incidence of perioperative angina pectoris in the present study was 35%, and accounted for the largest proportion of cardiac morbidity.
One-way ANOVA revealed a significantly increased incidence of adverse cardiac events among the first 15 patients undergoing TMR in our series. Cardiac morbidity was seen in two thirds of this group versus approximately one third of the final 19 patients. The major reason for the decrease in cardiac morbidity in the final 19 patients was a significant decrease in the incidence of congestive heart failure. Of the 10 patients with perioperative congestive failure requiring an intensification of medical therapy, 7 were among the first 15 patients to undergo TMR. These early complications led to more aggressive medical therapy in the immediate postoperative period, including the use of higher doses of intravenous nitroglycerin, an intravenous furosemide infusion and supplemental intravenous betaadrenergic blocking agents to minimize ischemia. Our current postoperative medical regimen includes an aspirin the evening of surgery, intravenous nitroglycerin and beta- Table 5 .
